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PRELIMINARY 



AMENDMENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re PATENT APPLICATION of 

Applicants : Bernd ECKARDT et al 

Application No, : PCT/DEOO/00798 

Filed : March 15, 2001 

Natl. Stage Entry: Concurrently 

For : RECOMBINATION DEVICE AND 

METHOD FOR CATALYTICALLY 
RE COMBINING HYDROGEN AND/ 
OR CARBON MONOXIDE WITH 
OXYGEN IN A GASEOUS 
MIXTURE 

Attorney Docket : 32325-174523 



September 28, 2001 



Assistant Commissioner for Patents 
Washington, D.C, 20231 



Attention: PCT/DO-US 
Sir: 

Please amend the above- identified application as 

follows : 

IN THE CLAIMS: 

Please amend the claims as follows: 
3, (amended) A recombination device (1, 1') according 
to claim 1, characterized in that the catalyst body (6) in 
the second sub region (T2) comprises a plate-shaped sheet 
metal carrier that is coated with a catalyst material. 



5. (amended) A recombination device (1") according to 
claim 1, characterized in that the retarding layer (8) in 
the first sub region (Tl) in particular is a porous layer 
composed of a bulk material, in which the catalyst body (6) 
is arranged. 

6. (amended) A recombination device (1) according to 
claim 1, characterized in that the retarding layer (8) in 
the first sub region (Tl) is deposited as porous cover 
layer onto the catalyst body (6) . 

7. (amended) A recombination device (1) according to 
claim 1, characterized in that several identical catalyst 
systems (2) are arranged parallel to each other. 

9. (amended) A recombination device (1, 1') according to 
claim 1, characterized in that an up-current protection 
(10) is provided at the front end of the catalyst system 
(2) , in inflow direction of the gaseous mixture. 

10. (amended) A recombination device (1, 1') according 
to claim 1, characterized in that a down current protection 
(12) is arranged in outflow direction of the gaseous 
mixture, at the end of the catalyst system (2) . 
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14, (amended) A method according to claim 11, 
characterized in that the partial amount of the gaseous 
mixture is adjusted such that the reaction temperature (T) 
in the first partial region (Tl) is lower than in the 
second partial region (T2) , 

Attached hereto is a marked-up version of the changes 
to the claims by the current Amendment. The attached page 
is captioned Version with markings to show changes made^ ^ . 

REMARKS 

The purpose of this Preliminary Amendment is to 
eliminate the multiple dependency of the claims. 

Respectfully submitted, 




^G^aBor J.fl^lemen 
(RWgistr^ion No. 21,016) 
VENABLE, BAETJER, HOWARD and 
CIVILETTI, LLP 
P.O. Box 34385 
Washington, D.C. 20043-9998 
Telephone: (202) 962-4 800 
Telefax: (202) 962-8300 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS: 

Claims 3, 5, 6, 7, 9, 10 and 14 have been amended 
as follows: 

3. (amended) A recombination device (1, 1') according to 
claim 1 o r 2 , characterized in that the catalyst body (6) 
in the second sub region (T2) comprises a plate- shaped 
sheet metal carrier that is coated with a catalyst 
material , 

5. (amended) A recombination device (1') according to e^e 
of the claimc 1 to 1 claim 1 , characterized in that the 
retarding layer (8) in the first sub region (Tl) in 
particular is a porous layer composed of a bulk material, 
in which the catalyst body (6) is arranged. 

6. (amended) A recombination device (1) according to 
of the claimc 1 to 1 claim 1 , characterized in that the 

retarding layer (8) in the first sub region (Tl) is 
deposited as porous cover layer onto the catalyst body (6) . 

7. (amended) A recombination device (1) according to 

of the claimc 1 to C claim 1, characterized in that several 
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identical catalyst systems (2) are arranged parallel to 
each other. 

9. (amended) A recombination device (1, 1') according to 
one of the claimc 1 to 0 claim 1 , characterized in that an 
up-current protection (10) is provided at the front end of 
the catalyst system (2) , in inflow direction of the gaseous 
mixture , 

10. (amended) A recombination device (1, 1') according to 
one of the claimc 1 to 9 claim 1 ^ characterized in that a 
down current protection (12) is arranged in outflow 
direction of the gaseous mixture, at the end of the 
catalyst system (2) , 

14. (amended) A method according to one of the claimo 11 
to 13 claim 11 , characterized in that the partial amount of 
the gaseous mixture is adjusted such that the reaction 
temperature (T) in the first partial region (Tl) is lower 
than in the second partial region (T2) . 
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Translation of PCT/DEOQ/00798 
Description 

R ECOMBINATION DEVICE AND METHO D FOR C ATALYTICALLY 
IRRrOMRTNTNG HYDROGEN AND/OR CARBQKMONOXIDE WITH OXYGe^ 
AG ASEOUS MIXTURE 

[1] The invention relates to a recombination device, as well as a method for 
recombining hydrogen and/or carbon monoxide with oxygen, for which at least one 
catalyst system is arranged inside a housing through which the gaseous mixture can flow 
during the operational phase, in particular a nuclear power plant. 
[2] The simultaneously filed German Application with File Number 199 14 823.6, 
entitled "KATALYTISCHES ELEMENT ZUR REKOMBINATION VON 
WASSERSTOFF UND/ODER KOHLENMONOXID MIT SAUERSTOFF" [Catalytic 
Element for the Recombination of Hydrogen and/or Carbon Monoxide with Oxygen] 
deals vvdth a similar topic, the disclosure content of which must be included in this 
application. 

[3] Following an accident with cooling agent loss, large amounts of hydrogen and 
carbon monoxide can be released into a safety container (containment) of a nuclear 
power plant. Without counter measures, the hydrogen in the atmosphere of the 
containment can be enriched to such a degree that an explosive mixture can form. With a 
later accidental ignition, the integrity of the contairmient can be endangered, particularly 
if larger amounts of hydrogen burn up, 

[4] Different devices are under discussion for preventing explosive gaseous mixtures 
of this type inside the containment. These devices include, for example, catalytic 
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recombination devices, catalytically and electrically operated ignition devices or a 
combination of the two above-mentioned devices. The principal mode of operation of 
catalytic recombination devices is known, for example, from the field of electrochemical 
engineering and is explained, e.g. in: "ELEKTROCHEMISCHE VERFAHRENS- 
TECHNIK" [Electrochemical Engineering], DECHEMA^ Monographs, 1970-1992, 
Volume 97, pages 363-376, Meeting of the Expert Team for Apphed Electrochemistry), 
Chanie Publishing House. 

[5] An early and flameless recombination of the hydrogen and/or the carbon 
monoxide with oxygen in particular is the goal to remove the hydrogen and the carbon 
monoxide from the containment atmosphere. In the process, a significant pressure build- 
up caused by a virulent hydrogen combustion is to be safely avoided, A suitable, early 
starting recombination device, which does not essentially decrease in activity even after 
longer operating times in the containment atmosphere and which starts up passively at 
low environmental temperatures, is known from German Patent AppUcation DE 196 36 
557 Al. A recombination arrangement of this type permits a "soft" recombination of the 
hydrogen, e.g. during a containment atmosphere phase with steam, which is therefore 
protected against spontaneous combustion. 

[6] A recombination device is disclosed in the EP 0 527 968 B 1, which provides for a 
number of catalyst systems in the form of flat panels that are coated on both sides with a 
catalyst material such a platinum and/or palladium. This device is particularly suitable 
for the reduction of hydrogen in the containment atmosphere of a nuclear power plant. 
Each catalyst system comprises a carrier plate of stainless steel, which is provided on 
both sides with a thin layer of in particular platinum and/or palladium and has a thickness 

' Note: DECHEMA ^ German Association for Chemical Equipment 
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in the micrometer range. A plurality of such coated individual plates is arranged inside a 
housing that can be designed as a module. The gaseous flow to be monitored flows from 
the bottom into the housing and leaves the housing in the upper region through an exit 
opening on the side. 

[7] A recombination system with a protective housing is known from EP 0 436 942 
Al, which opens up automatically in dependence on an outer temperature. However, the 
protective housing is closed in the operating phase of the recombination system, so as to 
avoid contamination of the catalytically active surface of the recombination device. 
[8] A recombination device disclosed in EP 0 41 6 140 Al , on the other hand, is 
provided with filtering means for retaining pollutants from the atmosphere, e.g. aerosols, 
thus protecting the catalyst of the recombination device against contamination. 
[9] Precious metal alloys are furthermore known from German Patent Application DE 
37 25 290, which absorb or discharge the reaction heat developing during the 
recombination by means of a carrier plate or a metal mesh to prevent an ignition of the 
gaseous mixture. 

[10] A recombination device is known from EP 0 388 955 Al, which is additionally 
provided with an ignition device for triggering a controlled hydrogen combustion. 
[11] Each known recombination system is designed for a particularly high 
recombination device capacity with particularly low component dimensions, as well as 
for high resistance to pollutants. When using a recombination device for recombining 
hydrogen in a gaseous mixture in a nuclear power plant, it must also be ensured that no 
influences that negatively effect the safety of the nuclear power plant can occur. It 
should furthermore be taken into account that the catalyst system of a recombination 
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device used for the recombination of hydrogen generally heats up as a result of the 
recombination. As a result, it could contribute unintentionally to the ignition of the 
gaseous mixture inside the containment atmosphere of the nuclear power plant because of 
its increased temperature. 

[12] Thus, it is the object of the invention to provide a recombination device for the 
catalytic recombination of hydrogen and/or carbon monoxide with oxygen in a gaseous 
mixture, in particular in the containment atmosphere of a nuclear power plant. The object 
furthermore is to safely avoid an undesirable ignition of the gaseous mixture during the 
operation and to specify a method for the catalytic recombination. 
[13] With respect to the device for catalytically recombining hydrogen and/or carbon 
monoxide with oxygen in a gaseous mixture, said device having at least one catalyst 
system arranged inside a housing through which the gaseous mixture flows during the 
operational phase and the catalyst system is divided into several sub regions in flow 
direction of the gaseous mixture, the aforementioned object is solved according to the 
invention in that a first sub region in the inflow direction comprises a catalyst body with a 
surrounding retarding layer for inhibiting the diffusion of the incoming and/or outgoing 
reaction gases. A second sub region that adjoins the first sub region comprises at least 
one catalyst body that is directly accessible to the reaction gases, wherein the 
characteristics of the first and the second sub region in the recombination device are 
preferably used one after another. Thus, a multi-stage catalytic oxidation is made 
possible in the catalyst system that comprises several sub regions. The different sub 
regions are laid out such that the different reaction conditions occurring along the flow 
direction of the gaseous mixture are taken into account. In particular, the first sub region 
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in the inflow area of the catalyst system will have a particularly ignition-inhibiting design 
with respect to the highly explosive gaseous mixture flowing into this region. In contrast, 
a particularly high catalytic activity is in the foreground for the sub regions in the upper 
flow region since the gaseous mixture has already been partially purified. Consequently, 
the reaction gas concentration is already clearly below the concentration that leads to 
ignition, e.g. a H2 concentration above 8 % by volume. Alternatively, different types of 
sub regions can also be arranged alternating along the gaseous mixture flow direction. 
[14] A catalyst body in the second sub region is preferably selected, which has a 
higher catalytic activity than the catalyst body in the first sub region. For example, this 
can be achieved by selecting a catalyst with a higher density of activity centers, meaning 
a higher share of catalytically active material As a result, a stronger catalytic activity 
and thus an increased catalytic reaction is achieved in the respective sub region. 
Depending on the strength of the catalytic activity, the second sub region can additionally 
be encased by a flame-arresting device. The flame-arresting device in this case is 
mounted with a gap width of no more than 0.7 mm, preferably less than 0.3 mm. A 
particularly good heat transfer from the second reaction zone of the second sub region to 
the first reaction zone of the first sub region and thus a quick start of the catalytic reaction 
in the first reaction zone is achieved by installing the flame-arresting device directly over 
the second sub region and additionally extending the flame-arresting device to the first 
sub region that is particularly diffusion-inhibiting. 

[15] The catalyst body can consist of several individual parts, e.g. compressed or 
sintered fibers. The catalyst body in the second sub region advantageously comprises a 
carrier plate coated with a catalytic material. The carrier plate is made, for example, from 
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a non-rusting stainless steel and has a thickness of less than or equal to 0,2 mm. The 
catalyst body alternatively can comprise a flat panel, a perforated panel or a sphere as 
mechanical carrier. Depending on the type and function of the catalytic recombination, 
the mechanical carrier can be made of metal or ceramic, wherein the ceramic 
embodiment, for example, can consist of a wash coat (AI2O3). 

[16] For a particularly effective recombination of the hydrogen in the gaseous mixture, 
the catalyst material contains a catalytic precious metal, in particular platinum or 
palladium. Platinum in this case is particularly temperature-resistant and resistant to 
catalyst poisons. In addition to hydrogen, carbon monoxide can also be recombined with 
platinum as catalytically active material. Palladium is particularly suitable because it has 
the characteristic of a particularly low environmental light-off temperature. Thus, a 
precious metal is preferably selected for the first sub region, which is more resistant to 
poisons than the precious metal used in the second sub region. The catalyst material is 
preferably deposited with the aid of a bonding layer and/or an intermediate layer onto the 
mechanical carrier. 

[17] The retarding layer for an especially advantageous embodiment, in particular 
designed to be porous, consists of a bulk material in the first sub region containing the 
catalyst body. A partial flow of the gaseous mixture therefore flows through the catalyst 
body (flow-through alternative) that is arranged in the bulk material. The catalyst body 
of the second sub region in this case is arranged separate from the catalyst body of the 
first sub region. For example, the two catalyst bodies are arranged one after another in 
flow direction of the gaseous mixture. The porosity of the bulk material is dimensioned 
such that if a particularly explosive gas mixture is present in the inflow region, with H2 
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concentrations higher than 10 % by volume, the H2 concentration is reduced in the 
outflow region of the first sub region to less than 6 % by volume. In order to compensate 
for the pressure losses inside the flow-through housing, the inflow area can be increased 
to 2 to 5 times the size. With a housing height of 0,2 to 2 m, a flow-through speed of 0.1 
to 1 m/s is preferably achieved for the gaseous mixture in the region of the catalyst 
system. 

[18] The retarding layer in the first sub region of another advantageous embodiment is 
deposited on the catalyst body as porous cover layer. With this catalyst system, called a 
flow-around alternative, the catalyst body in the first and second sub region is formed by 
a continuous body, meaning this body extends over the first as well as the second sub 
region. Thus, the complete flow of gaseous mixture flows around the catalyst body. The 
retarding layer deposited in the first sub region makes it possible in the inflow region to 
inhibit the diffusion of the reaction gases flowing in and/or out. As a result, the catalytic 
recombination of the reaction gases is limited, which in turn leads to a limiting of the 
reaction temperature, even with high H2 concentrations. The speed of the gaseous 
mixture flowing over or around the catalyst, which also influences the catalytic reaction, 
is advantageously influenced by a predetermined housing geometry. The overflow speed 
of the gaseous mixture preferably is adjusted to 0.1 to 2 m/s in the region of the catalyst 
system if the housing height is 0.2 to 2 m, 

[19] Several identical catalyst systems are advantageously arranged parallel to each 
other for a particularly high reaction conversion. For the alternative where the gas flows 
around, for example, adjacent catalyst systems are arranged parallel to each other with 
the respectively associated first and second sub regions. In that case, each catalyst 
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system is provided in the first sub region with an associated retarding layer. With the 
flow-through alternative for the catalyst systems, for example, several identical first sub 
regions are arranged parallel to each other and are surrounded by a joint retarding layer. 
The associated second sub regions are separated from the first sub regions and are also 
arranged parallel to each other. As an ahemative, different types of catalyst systems can 
be arranged alternating. An especially secure and active catalytic recombination in 
several stages is achieved when using a combination of catalyst systems with a first, a 
second or several sub regions, wherein a non-retarded reaction occurs in particular in one 
sub region and a diffiision-retarded reaction in an another sub region. As a result of this 
multi-stage recombination, a particularly secure protection against ignition or flaming 
with simultaneously high reaction conversion is achieved, even with less explosive 
gaseous mixtures for the individual sub regions or flow channels, 
[20] The catalyst systems advantageously have a plate-shaped design, with a 
respective maximum total thickness of 1 cm, preferably approximately 0.3 mm, and are 
spaced apart at a distance of less than 20 mm. 

[21] In order to ensure a homogeneous recombination, particularly a multi-stage 
oxidation, even with so-called up-currents of the gaseous mixture flowing in with 
particularly high speeds, an up-current protection is installed in fi*ont of the catalyst 
system in the inflow direction. The up-current protection can already comprise a portion 
of the catalyst body. In particular, the cross-sectional surface area of the recombination 
device is advantageously increased by 1 to 5 times in the inflow area. As a result, a 
particularly simple flow restriction of the incoming gaseous mixture is achieved which, in 
turn, effects a continuous feeding of the gaseous mixture, thereby securely avoiding a 
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displacement of the reaction zone. The housing height preferably ranges from 0.2 to 2 m 
in order to reduce and, if necessary, compensate the pressure losses inside the housing. 
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[22] To achieve a particularly secure operation during a possible change in flow 
direction inside the recombination device, resulting from so-called down currents, a down 
curent protection is arranged at the end of the catalyst system in outflow direction of the 
gaseous mixture. With particularly extreme flow conditions for alternating flow 



[23] According to another advantageous embodiment, a teflon coating is provided on 



of local hydrophobic properties of the catalyst body owing to such a locally limited teflon 
coating. As a result of the quantitative hmitation of the teflon coating, a reaction-relevant 
adsorption of water within the pore layer or the retarding layer can be avoided and an 
improvement achieved in the early-start capacity (passive reaction start). 
[24] The object to be achieved with the method for catalytically recombining hydrogen 
and/or carbon monoxide with oxygen in a gaseous mixture is solved according to the 
invention in that the gaseous mixture for starting the recombination reaction is supplied 
to a catalyst body, wherein only a partial amount of the gaseous mixture as seen in flow 
direction comes into contact with the catalyst body in a first sub region and wherein the 
catalyst body is completely subjected to the gaseous mixture only in a second sub region. 
In particular, the recombination is realized in a first sub region in flow direction, on a 
catalyst body surrounded by a retarding layer and is realized in a second sub region on a 
catalyst body that is directly accessible to the gaseous mixture. The two sub regions - 
first and second sub region - preferably make it possible to have zones with different 



directions, a partial reaction surface covering can be provided in the outflow region, 
which causes a surface increase in the same way as the up-current protection. 



the retarding layer, at least in the inflow region of the first sub region. The capacity for 
an early start, particularly in humid environmental conditions, can lead to the generating 
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catalytic activity. In turn, this results in a multi-stage catalytic oxidation of the reaction 
gases. 

[25] The gaseous mixture for the flow-through alternative is advantageously guided in 
the first sub region through the retarding layer, wherein a partial flow of the non-purified 
gaseous mixture flows through the first sub region and is purified. This purified gaseous 
mixture is subsequently added to non-purified gaseous mixture in a mixing zone, 
positioned downstream of the catalyst body, thereby reducing the concentration of 
explosive reaction gases, in particular the H2 concentration. This mixed, low 
concentration, This mixed, low concentration gaseous mixture is then suppUed for 
further catalytic oxidation to the second sub region, which is not covered by a retarding 
layer. In the second sub region of the catalyst body, the gaseous mixture consequently 
has direct access to the catalyst body, which comprises in particular catalytically highly 
active material. As a result, a higher catalytic conversion occurs in the second sub 
region, which can be increased fiirther by a catalyst material with higher catalytic 
activity. 

[26] For the altemative where the gaseous mixture flows around the catalyst system, 
the complete gaseous mixture is guided preferably in the first sub region along the 
retarding layer. In the process, the hydrogen is decomposed along the catalyst system, 
meaning along the first and second sub region. 



^ Note: The sentence is incomplete. The first part of the sentence is repeated in the following sentence. 
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[27] The hydrogen content of the gaseous mixture that must be taken into account, 
even for the most unfavorable ("worst case") operation is reduced in the first sub region 
through oxidation to less than 5 % by volume. Thus, the gaseous mixture flowing into 
the second sub rQgion has a concentration level below the ignition concentration of the 
respective reaction gas. As a result, the diffusion-inhibiting and flame-stopping retarding 
layer can be omitted in the second sub region, even with highly active catalyst material 
[28] The reaction temperature is preferably lower in the first sub region than in the 
second sub region. In particular, the 
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reaction temperature in the first sub region is below the ignition temperature of the 
reaction gases. The reaction temperature in the first sub region is preferably less than 560 
°C even in the "worst case" and is thus below the ignition temperature for hydrogen. In 
the second sub region, as a result of the ... that occurred in the first sub region....^ 
[29] The advantages achieved with the invention are an especially secure and 
particularly active catalytic recombination for highly explosive gaseous mixtures (high 
H2 concentration up to 15%), in particular without ignition, as well as for less explosive 
gaseous mixtures (low H2 concentration of approximately 1 % by volume) as a result of 
at least two different sub regions for the catalyst system. 

[30] Exemplary embodiments of the invention are explained in further detail with the 
aid of a drawing. Shown are in: 

Figure 1 A recombination device for catalytically recombining hydrogen and/or 



carbon monoxide with oxygen in a gaseous mixture with the aid of a 



catalyst system. 



Figure 2 



A sectional detail II from Figure 1. 



Figure 3 



The functional course of the concentration and the reaction temperature in 



dependence on the flow path along the catalyst system. 



Figure 4 



An alternative recombination device for catalytically recombining 



hydrogen and/or carbon monoxide with oxygen, in a gaseous mixture with 



a catalyst system. 



^ Note: This sentence is incomplete. 
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Figure 5 A sectional detail V from Figure 4. 

[31] The same reference numbers were used for matching components in the different 
Figures. 

[32] The recombination device 1 according to Figure 1 and the recombination device 
1 ' according to Figure 4 are each provided for the catalytic recombination of hydrogen 
and/or carbon monoxide with oxygen in a gaseous mixture, namely in the containment 
atmosphere of a nuclear power plant that is not shown in further detail herein, in the 
event of an accident, 

[33] The recombination device 1 comprises a multitude of catalyst systems 2, which 
are arranged nearly parallel and at a maximum distance of 20mm relative to each other. 
Depending on the type and function of the recombination device 1, a single catalyst 
system 2 can also be provided. In addition, it is possible to provide several identical or 
different catalyst systems 2. 

[34] The catalyst systems 2 are positioned inside a housing 4. The housing 4 is 
designed such that during the operational phase, the gaseous mixture can flow in a free 
convection through the recombination device 1,1'. For this, the housing 4 essentially 
forms a vertical shafl, with the preferred direction indicated by the arrow 5. The up- 
current resulting from the heat development during the recombination of the gaseous 
mixture in the region of the catalyst system 2 causes an overcompensation of the pressure 
drop for the gaseous mixture during the operation of the recombination device 1,1'. 
Thus, the gaseous mixture begins to flow through the recombination device 1,1' without 
outside help or driving means as a result of a chimney effect, resulting from the shaft- 
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type design of housing 4. The shaft-type portion of housing 4 has a height of between 0.2 
and 2 m for compensating the resulting pressure losses. For a particularly favorable 
convection behavior, the housing 4 additionally has an advantageous height-to-depth 
ratio of between 0.3 and 10. 

[35] The recombination device 1 , T is designed such that even with the high 
temperatures occurring as a result of the heat release during the recombination of 
hydrogen in the region of the catalyst systems 2, an ignition of the ignitable gaseous 
mixture is securely avoided in the region outside of the recombination device 1,1'. For 
this, each catalyst system 2 is provided with at least two sub regions, as seen in flow 
direction of the gaseous mixture, meaning a first sub region Tl and a second sub region 
T2. Depending on the type and function of the recombination device 1,1', more than 
two sub regions can also be provided. 

[36] For the catalytic recombination, each catalyst system 2 comprises a catalyst body 
6 in the first sub region Tl as well as in the second sub region T2, which contains a 
catalytically active material that is suitable for the recombination. The catalytically 
active material provided in particular can be a precious metal, a mixture of precious 
metals or even an arrangement of precious metal foils. Platinum and/or palladium in 
particular are provided as precious metals. 

[37] To avoid igniting a highly explosive gaseous mixture, particularly in the inflow 
region, the catalyst body 6 in the first sub region Tl is surrounded by a retarding layer 8 
for inhibiting the diffusion of the reaction gases flowing in and/or out. In the second sub 
region T2, the reaction gases have immediate access to the catalyst body 6. In the 
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process, the gaseous mixture is guided in the first sub region Tl along the retarding layer 
8 and in the second sub region T2 along the catalyst body 6. 

[38] The catalytic recombination in the first sub region Tl, as seen in flow direction of 
the gaseous mixture, is inhibited because of the retarding layer 8 that surrounds the 
catalyst body 6. That is to say, the inflow of the reaction gases, e.g. CO, H2, O2, CO2, is 
preferably inhibited in the first sub region Tl, so that only a partial oxidation takes place. 
In tum, a slowing down of the catalytic recombination occurs, which keeps the reaction 
temperature low and in particular below 560 ''C. The length of the sub region Tl is 
primarily determined by the concentration of the incoming reaction gas. In particular, the 
hydrogen content of the gaseous mixture in the first sub region Tl is reduced through 
catalytic oxidation to less than 5 % by volume. 

[39] Thus, a gaseous mixture with a reaction gas concentration below the ignition 
concentration flows into the following catalytic zone, meaning into the second sub region 
T2. As a result, the gaseous mixture has direct access to the catalyst body 6 in the second 
sub region T2. The second sub region T2 is catalytically more active in this case than the 
sub region Tl, in that the catalyst body 6 in the second sub region T2 contains a 
catalytically more active material. The reaction temperature in the second sub region T2 
consequently is higher than 560 ^C. As shown, the two sub regions - first sub region Tl 
and second sub region T2 - represent zones with different catalytical activity, as 
explained, thus permitting a multi-stage catalytic oxidation of the reaction gases. 
Depending on the strength of the catalytic activity, the second sub region T2 can 
additionally be surrounded by a non-depicted flame-blocking device. 
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[40] In order to ensure a homogeneous recombination, especially a multi-stage 
oxidation, even with so-called up-currents of the gaseous mixture flowing in with 
particularly high speeds, an up-current protection 10 is installed in the direction from 
which the gaseous mixture flows into the catalyst system 2. The up-current protection 10 
resuUs in a particularly advantageous increase of 1 to 5 times of the cross-sectional 
surface at the intake for the recombination device 1 . 

[41] For a particularly secure operation with a possible reversal in flow direction inside 
the recombination device 1, 1' as a result of the so-called down currents, a down current 
protection 12 is provided at the upper end of the housing 4, in outflow direction of the 
gaseous mixture. The down current protection 12 simultaneously serves as housing roof 
and thus as drop-rejecting hmitation for the recombination device 1, T. Thus, a direct 
inflow of hquid drops into the recombination device 1, T is avoided, even during the 
operation of a spray system above the recombination device 1,1', 
[42] In flow direction of the gaseous mixture, the recombination device 1,1' 
additionally comprises a filter 14 below the down current protection 12, This filter 14, 
which is installed behind the catalyst systems 2 inside the housing 4, functions to filter 
out rough particles. For example, the filter 14 is made of a mesh of thin wires. The mesh 
has a mesh width that is selected to be particularly small, preferably smaller than 800 ^m, 
taking into account the pressure losses inside the recombination device 1,1' and the 
required deposition capacity. A fiirther design criteria taken into account for 
dimensioning the mesh width is that catalyst poisons, such as aerosols or colloids, should 
not be separated out at the filter 14. Rather, the filter 14 is dimensioned in such a way 
that aerosols or colloids can penetrate quantitatively and without losses worth mentioning 
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as a result of depositing. The danger of a blocked filter due to aerosol or colloid deposits 
is thus securely avoided. 

[43] The housing 4 is additionally provided with an insulating shell 16. The insulating 
shell 16, for example, can be realized with an air gap in the manner of a double-shell 
design. Alternatively, a temperature-resistant and radiation-resistant insulating material 
can be provided between two shell layers. Radiation is thus securely prevented from 
exiting through the insulating shell 16. In particular, the heat transport that is relevant in 
a temperature range above 500 °C is stopped to a high degree by the design of insulating 
shell 16. The ignition of the gaseous mixture surrounding the housing 4 (containment 
atmosphere) as a result of the high housing temperature is thus securely avoided. 
[44] Figure 2 shows a catalyst system 2 according to Figure 1 , comprising a catalyst 
body 6. The catalyst system 2 has a panel-shaped design with a total thickness of at most 
1cm, in particular for a ceramic embodiment. The total thickness preferably amounts to 
approximately 0.3 mm. The fnst sub region Tl comprises the retarding layer 8 that 
surrounds the catalyst body 6. The retarding layer 8 in this case is designed as porous 
cover layer, which is deposited on the catalyst body 6. The porosity of the retarding layer 
8 causes a bonding of the incoming reaction gases and thus a limiting of the catalytic 
reaction to small partial amounts per surface unit in the first sub region Tl. The second 
sub region T2 additionally is enriched with an especially active catalytic material, for 
example deposited as a layer 18 on the catalyst body 6. The locally limited enrichment of 
the catalytically active material supports the starting function of the catalyst system 2. 
The layer 18 in particular contains platinum or palladium. Alternatively, the catalytically 
active material can also be arranged in the surface of the catalyst body 6. 
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[45] In accordance with another advantageous embodiment, a teflon coating 20 is 
provided on the retarding layer 8, at least in the inflow region of the first sub region Tl, 
which coating only sUghtly hinders the inflow of reaction gases. As a result of the local 
limitation of the teflon coating 20, a reaction-relevant adsorption of water within the 
porous or retarding layer 8 can be avoided and the capacity for an early start can be 
improved (passive reaction start). 

[46] Figure 3 shows the functional progression of the H2 concentration K and the 
reaction temperature T in dependence on the flow path of the gaseous mixture along the 
catalyst system 2 for the aforementioned "worst case." During the catalyst system 2 
operation, the H2 concentration K in the first sub region Tl is reduced from clearly above 
10 % by volume to at least 5 % by volume through a catalytic oxidation. In the process, 
the reaction temperature T remains below 560 ^'C in the first sub region Tl, thus falling 
below the ignition temperature for the reaction gas at the catalyst system 2. 
[47] The reaction temperature T increases in the second sub region T2 due to the 
higher catalytic activity and the ignition temperature of 560 ^C, in particular, is exceeded. 
However, since the concentration K in the second sub region T2 is clearly below the 
ignition concentration of more than 5 % by volume, an ignition of the gaseous mixture is 
securely avoided. The functional sequences shown in Figure 3 are characteristic for the 
recombination device 1 according to Figure 1 as well as for the recombination device V 
according to Figure 4. 

[48] Figure 4 shows the recombination device 1' for an alternative catalyst system 2. 
The first sub region Tl and the second sub region T2 in this case are arranged separately. 
The first sub region Tl comprises a multitude of parallel arranged catalyst bodies 6, 
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which are jointly surrounded by the retarding layer 8. For this, the retarding layer 8 is 
composed of loose bulk material in which the catalyst bodies 6 are arranged. Figure 4 
shows that in dependence on the type and function of the recombination device 1', 
several identical fu-st sub regions 1 can be provided in flow direction of the gaseous 
mixture, which are arranged parallel to each other, with an intermediate space 22. 
Alternatively, it is also possible for different sub regions Tl, T2 to be arranged 
alternately. 

[49] The second sub region T2 also comprises a multitude of catalyst bodies 6, which 
are installed downstream of the sub region Tl. The catalyst bodies 6 are arranged 
parallel to each other, as seen in flow direction of the gaseous mixture. Depending on the 
type and function of the recombination device 1', the catalyst bodies 6 of the first sub 
region Tl and the second sub region T2 can have the same catalytic activity. However, 
the catalytic activity of the catalyst bodies 6 can also vary within the first sub region Tl 
and/or the second sub region T2, owing to the use of different catalytic materials. 
[50] On the one hand, the gaseous mixture flows through the two first sub regions Tl 
for the recombination and reaches the intermediate space 22 with a lower H2 
concentration. On the other hand, non-purified gaseous mixture reaches the intermediate 
space 22 at the same time via a feed-in 24 that is arranged between the two first sub 
regions Tl . The non-purified gaseous mixture is mixed in the intermediate space 22 with 
the already purified gaseous mixture. As a resuU, a specific H2 concentration is adjusted 
on the outflow side of the intermediate space 22, which is preferably below the ignition 
concentration of 5% by volume. The gaseous mixture flowing out of the intermediate 
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space 22 is then guided in the second sub region T2 along the catalyst body 6 for a further 
catalytic oxidation. 

[51] A grid 26 is arranged in the feed-in 24, which limits the inflow of non-purified 
gaseous mixture. For example, a wire mesh functions as grid 26. Several wire mesh 
grids or metal grids can also be installed one after another, thereby making it possible to 
achieve an especially small gap width of maximum 100p,m, preferably approximately 
2|im. 

[52] As a result, fine particles such as catalyst poisons and in particular aerosols, are 
also penetrated quantitatively. 

[53] Figure 5 shows the bulk material for the retarding layer 8 according to Figure 4. 
The bulk material retarding layer 8 preferably has a grain size of 1 to 10 mm, in particular 
of 1 to 5 mm. For this, the retarding layer 8 has a larger grain size in the inflow region E 
than in the outflow region A, as seen in flow direction of the gaseous mixture (indicated 
with the arrow 28). As a result, the retarding layer 8 has an especially diffusion- 
inhibiting and flame-blocking design. 
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Patent Claims 



1 . A recombination device (1,1') for the catalytic recombination of hydrogen and/or 
carbon monoxide with oxygen in a gaseous mixture, for which at least one catalyst 
system (2) is arranged inside a housing (4) through which the gaseous mixture flows 
during the operational phase, wherein the catalyst system (2) is provided with several sub 
regions (Tl, T2) in flow direction of the gaseous mixture, 

characterized in that in the inflow direction, a first sub region (Tl) comprises a catalyst 
body (6) with surrounding retarding layer (8) for inhibiting the diffusion of the reaction 
gases flowing in and/or out and that a second sub region (T2) that adjoins the first sub 
region (Tl) comprises at least one catalyst body (6), to which the reaction gases have 
direct access. 

2. A recombination device (1,1') according to claim 1 , characterized in that the 
catalyst body (6) in the second sub region (T2) has a higher activity than the catalyst 
body (6) in the first sub region (Tl). 

3 . A recombination device (1,1') according to claim 1 or 2, characterized in that 
the catalyst body (6) in the second sub region (T2) comprises a plate-shaped sheet metal 
carrier that is coated with a catalyst material. 

4. A recombination device (1,1') according to claim 3, characterized in that the 
catalyst material contains a catalytic precious metal, in particular platinum or palladium. 
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5. A recombination device (1') according to one of the claims 1 to 4, 
characterized in that the retarding layer (8) in the first sub region (Tl) in particular is a 
porous layer composed of a bulk material, in which the catalyst body (6) is arranged. 

6. A recombination device (1) according to one of the claims 1 to 4, 
characterized in that the retarding layer (8) in the first sub region (Tl) is deposited as 
porous cover layer onto the catalyst body (6). 

7. A recombination device (1) according to one of the claims 1 to 6, 
characterized in that several identical catalyst systems (2) are arranged parallel to each 
other. 

8. A recombination device (1) according to claim 7, 

characterized in that the catalyst systems (2) have a plate-shaped design with a 
respective total thickness of maximum 1 cm, preferably 03 mm, and that they are 
arranged side-by-side, at a distance of less than 20 mm, 

9. A recombination device (1, 1') according to one of the claims 1 to 8, 
characterized in that an up-current protection (10) is provided at the front end of the 
catalyst system (2), in inflow direction of the gaseous mixture. 
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10, A recombination device (1,1') according to one of the claims 1 to 9, 
characterized in that a down current protection (12) is arranged in outflow direction of 
the gaseous mixture, at the end of the catalyst system (2). 



24 



11. A method for catalytically recombining hydrogen and/or carbon monoxide with 
oxygen in a gaseous mixture, for which the gaseous mixture is suppUed to a catalyst body 
(6) for starting the recombination reaction, wherein only a partial amount of the gaseous 
mixture comes in contact with the catalyst body (6) in a first sub region (Tl) in flow 
direction and wherein the catalyst body (6) is subjected completely to the gaseous 
mixture only in a second sub region (T2). 

12. A method according to claim 1 1, 

characterized in that in the fnst sub region (Tl) the hydrogen content of the gaseous 
mixture is reduced through oxidation to less than 5% by volume. 

13. A method according to claim 1 1 , 

characterized in that the complete gaseous mixture in the first sub region (Tl) is guided 
over a retarding layer (8). 

14. A method according to one of the claims 1 1 to 13, 

characterized in that the partial amount of the gaseous mixture is adjusted such that the 
reaction temperature (T) in the first partial region (Tl) is lower than in the second partial 
region (T2). 



AMENDED PAGE 
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15. A method according to one of the claims 1 1 to 14, 

characterized in that the partial amount of the gaseous mixture is adjusted such that in 
the first sub region (Tl) the reaction temperature (T) is lower than 560 **C and/or in the 
second sub region (T2), the reaction temperature is higher than 560 ^'C. 



AMENDED PAGE 
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